Abstract
Introduction

36
In a conceptual multi-barrier disposal radioactive waste repository (Figure 1 ), significant 37 Temperature-Hydraulic-Mechanical (THM) phenomena take place in the engineered barrier and in 38 the near field due to the combined actions of heating and hydration (Sanchez et al, 2004) . The 39 hydraulic property of the compacted bentonite used as engineered barrier material is one of the key 40 properties for the design of such a disposal system. This explains the large number of studies that 41 have been performed in this area: Dixon et al (1987) , Nachabe (1995) Kunigel-V1 bentonite/Hostun sand based on the instantaneous profile method, and found that as 52 suction decreases, the unsaturated permeability decreases to a certain value and then turns to increase. 53 Cho et al. (1999) reported that the influence of temperature on the permeability of bentonite is 
Materials
83
The Gaomiaozi deposit is located in the northern Chinese Inner Mongolia autonomous region, 84 300 km northwest from Beijing (Ye et al., 2009a (Ye et al., , 2010b . Some basic properties of the GMZ01 85 bentonite tested in this paper are listed in Table 1 , which indicates that the GMZ01 bentonite has high 86 cation exchange capacity and high adsorption ability.
87
Experimental Methods
88
The instantaneous profile method has been adopted in this study. This method was successfully 89 used by many researchers to determine the unsaturated hydraulic conductivity of geomaterials ( used either in the laboratory or in situ (Benson and Gribb 1997) . 93 In order to apply this method to determine the unsaturated permeability of the GMZ01 bentonite 94 at different temperatures, on the one hand, the SWRCs of this soil should be determined at relevant 95 temperatures, and on the other hand, the corresponding suction profiles should be determined by 96 performing infiltration test at different temperatures with suction monitoring. For a given temperature, 97 the hydraulic gradient was determined using the suction profile; the water flux was determined using The vapour equilibrium technique (for high suctions) and osmotic technique (for low suctions) 104 were employed for suction control in this study. At high suctions, the experimental setup used was In this study, the confined GMZ01 specimen was placed in a desiccator and the water vapour moisture exchange between the specimen in the cell and the circulating air (or PEG solution) around it. 121 For the temperature control, the setups were placed in ovens (Fig 3 and Fig 4) 
where w T1 and w T2 are water content at temperature T1 and T2 respectively for the same suction.
187
The relationship between the ratio k T and suction for the GMZ01 bentonite at 40°C and 60°C are 198 then decreases much more slowly. For suction measured at 6 cm, it begins to decrease rapidly after 199 100 h hydration and gradually decreases after 800 h hydration. As it is relatively far from the water The relationship between the unsaturated hydraulic conductivity and suction is shown in Fig.9 conductivity. This macro-pore closing process can be assumed to be more significant at higher 251 temperature because of softer clay aggregates and lower water viscosity, explaining a lower hydraulic 252 conductivity at 60°C than at 40°C. As the relative hydraulic conductivity has been found independent 253 of temperature when Sr > 0.57 (Fig. 12) , it can be supposed that the macro-closing process ended 254 when Sr > 0.57; in other words, the influence of temperature on pore structure became insignificant in 255 this range. considering this gradient is not correct and the water retention curve considered is also inappropriate.
261
In other words, the simultaneous profile method meets its limitation. Because in this study, no specific 262 analyses were conducted after the infiltration tests, this phenomenon can not be verified. Further 263 studies will be performed to investigate this aspect.
264 265
Conclusions
266
The SWRCs of the highly compacted GMZ01 confined specimens on wetting path and at 
279
Under confined conditions, the hydraulic conductivity increases as temperature increases, at a 280 rate that decreases with temperature rise. Also, the influence of temperature on the hydraulic 281 conductivity is quite suction-dependant. At high suctions (s > 60 MPa) or low degrees of saturation (Sr < 0.57), the temperature effect is mainly due to its influence on water viscosity; on the contrary, in 283 the range of low suctions (s < 60 MPa) or high degrees of saturation (Sr > 0.57), the temperature 284 effect is related to both the water viscosity and the macro-pores closing phenomenon that is supposed 
